Langerhans cell histiocytosis (LCH) is characterised by tissue destruction caused by the abnormal proliferation of pathogenic dendritic cells. We report a rare case of multi-system LCH with local invasion of the orbital apex. A 56-year-old woman suffered from a decrease of visual acuity in the left eye caused by central scotoma and the limitation of eye movement in all directions. Magnetic resonance imaging revealed an enhanced lesion in the left orbital apex, suggesting optic nerve compression. She had been diagnosed with eosinophilic granuloma 24 years previously. Two weeks after the current presentation, we admitted the patient for optic canal and orbital apex decompression and subtotal tumour resection. Histopathological analysis confirmed the diagnosis of LCH. Post-surgical treatment with low-dose cytarabine was initiated for the residual tumour. However, it was ceased because of myelosuppression-induced pyelonephritis. After surgery, the central scotoma disappeared on day 5 and eye movement palsy resolved by 6 months. After the cessation of cytarabine, she has received low-dose Yamada et al.: Multi-System LCH with Local Invasion of the Orbital Apex 320 steroid therapy for 2 years with no recurrence. Early surgical intervention with low-dose steroid therapy can lead to recovery of visual acuity and resolve eye movement palsy in patients with lesions of the orbital apex caused by multi-system LCH.
Introduction
Langerhans cell histiocytosis (LCH) causes proliferation of pathogenic dendritic cells in various organs such as the skin, bones, liver, and pituitary gland that results in tissue damage and destruction. However, involvement of the visual pathway is infrequent [1] [2] [3] [4] [5] . When parts such as the optic nerve or optic chiasm are involved, some reports suggest that surgical treatment can improve visual acuity [4, 5] . Here, we report a rare case of multi-system LCH presenting acutely with ophthalmic symptoms due to local invasion of the orbital apex. Early surgical intervention led to the complete recovery of visual acuity and eye movement with lowdose oral prednisolone.
Case Presentation
A 56-year-old Japanese woman suddenly experienced diplopia while driving a car and was diagnosed as having abducens nerve palsy. Head magnetic resonance image (MRI) showed no abnormalities at that time. One month later, the best-corrected visual acuity (BCVA) of her left eye decreased to 0.3 and her left eye developed a relative afferent pupillary defect. She was then referred to our clinic for further investigation. She had been diagnosed with eosinophilic granuloma 24 years previously. Diagnosis at that time was based on the histopathological results and multiple osteolytic lesions being present in the occipital and temporal bones. She then received surgery, steroid therapy, and chemotherapy with etoposide and vinblastine; however, therapy was terminated because of myelosuppression as a complication of the chemotherapy.
At our initial examination, the patient's BCVAs were 1.0 and 0.4 in the right and left eyes, respectively, with corresponding intraocular pressures of 18 and 17 mm Hg. The light reflex of the left eye was sluggish and incomplete, with a relative afferent pupillary defect, and the critical fusion frequency of the left eye was only 19 Hz. In addition, the alternative prism cover test showed esotropia of 2 prism diopters and left/right hypertropia of 10 prism diopters at near distance as well as esotropia of 8 prism diopters and left-right hypertropia of 16 prism diopters at far distance. The 9-gaze view showed almost normal eye movement in all directions, but a binocular single vision test showed diplopia in the entire visual field. There was no anisocoria and she had a normal corneal reflex.
Further investigation by Goldmann perimetry revealed a central scotoma of the left eye ( Fig. 1a ), but no abnormalities in the right eye ( Fig. 1b ). MRI revealed invasive lesions with homogeneous enhancement by gadolinium adjacent to the lesser wing of the sphenoid bone that appeared to extend toward the ipsilateral optic canal. We presumed that the lesion was compressing the optic nerve where it had expanded from the optic canal to the orbital apex, with optic nerve compression developing from a superolateral to an inferomedial direction ( Fig. 2a-c) .
Two weeks after the initial examination, we admitted the patient for optic canal and orbital apex decompression and subtotal tumour resection via a transcranial approach. In particular, we focused on sufficiently opening the optic canal. We chose this approach based on the MRI findings of invasion around the optic nerve sheath, which suggested that there was significant compression of the optic nerve. Intra-operative findings revealed that inflammatory granulomatous tissue was compressing, but not tightly adherent to the optic nerve. Aiming to maximise the optic nerve decompression, we removed as much granulomatous tissue as possible from the sphenoid bone to the orbit. Rapid intra-operative histological diagnosis confirmed the presence of inflammatory cells and fibrous tissues, but no malignant tumour cells. Histopathology then showed a fibrous granuloma with marked inflammatory cell invasion and a fragmented osteogenic response. Dysplastic cells with a narrow shape in the middle and a swollen nucleus, resembling histiocytes, were also identified in the region with marked eosinophil infiltration. Finally, immunohistochemical analysis revealed that these dysplastic cells were positive for CD68, CD1a, and S100 antigens, allowing for a definitive diagnosis of LCH ( Fig. 3) .
From the day after surgery, the patient intravenously received hydrocortisone sodium phosphate at 100 mg/day for 3 days and chemotherapy with low-dose cytarabine was initiated as a post-surgical treatment for the residual tumour. Two months later, chemotherapy was stopped because of pyelonephritis that was complicated by myelosuppression. Low-dose steroid therapy was continued after stopping chemotherapy. All changes in the left eye subsequently resolved after surgery: the central scotoma disappeared by 5 days, BCVA improved to 0.7 by 2 weeks, and the eye movement palsy completely disappeared and BCVA improved to 1.2 by 6 months (Fig. 1c) . At her 2-year follow-up appointment, the patient has had no recurrence with a low maintenance dose of prednisolone (5 mg) ( Fig. 2d ).
Discussion
LCH has both inflammatory and tumorous characteristics, with some researchers advocating the disease concept "inflammatory myeloid tumour." Historically, LCH comprised 3 diseases: eosinophilic granulomas, Hand-Schuller-Christian disease, and Letter-Siwe disease. Currently, it is categorised as either single-system LCH (SS-LCH) or multi-system LCH (MS-LCH). SS-LCH is further divided into that with unifocal or multifocal lesions, whereas MS-LCH involves multiple organs or systems, with or without the involvement of risk organs (i.e., haematopoietic, splenic, liver, and lungs) [6] .
The therapeutic strategy of LCH differs by the clinical categorisation. For SS-LCH with a unifocal lesion, simple observation is usually possible because spontaneous remission is typical. When bone lesions are present and risk causing damage by compression, surgical resection can be attempted if it is considered possible [7, 8] . However, in some cases, lesions are hard to dissect or pose a threat to the central nervous system, such as those of the craniofacial bone. Even if these cases only present as a single lesion, chemotherapy should be performed in combination with minimum bone resection [7] . By contrast, for MS-LCH, chemotherapy with vinblastine and prednisolone is the standard first-line therapy, with cytarabine, doxorubicin, and ifosfamide applied in refractory cases. Our patient had past histories of diabetes insipidus and thyroid dysfunction, suggesting a diagnosis of MS-LCH. Although it would have been reasonable to opt for chemotherapy as the first-line treatment option, the patient presented with a rapid deterioration in visual acuity. Therefore, we considered that decompression surgery plus chemotherapy would be more appropriate to ensure visual recovery without recurrence.
There have been several reports of optic neuropathy induced by LCH [1] [2] [3] [4] [5] . Including the present case, we identified 7 cases of compressive optic neuropathy treated surgically by either a transcranial approach (5 cases) or an endoscopic nasal approach (2 cases). Two cases underwent craniotomy and subtotal resection of the tumour, but there was no description of the visual outcomes, and the other 3 cases reported improved visual functions. In both cases treated via the endoscopic nasal approach, visual function reportedly improved.
There are important differences between the transcranial and the endoscopic nasal approach. In the transnasal approach, lesions can be manipulated within approximately 120° of the medial side of the optic canal, whereas in the transcranial approach, lesions can be manipulated within approximately 270° of the outer side of the optic canal. Thus, the transnasal approach has a narrower operative field and is more restricted than the transcranial approach, but benefits from being less invasive. In the present case, MRI showed that there was an inflamed lesion in the orbital apex that was presumed to be compressing the optic nerve. Given the apparent extent, severity, and origin of the lesion, we chose the transcranial approach to remove as much of the continuous lesion as possible. Although chemotherapy failed because of a serious infectious complication, the patient has retained good visual function with only low-dose prednisolone therapy.
In a multicentre retrospective study, 14 of 1,665 patients (0.84%) who underwent orbital surgery experienced severe vision loss that ranged from finger counting to no light perception [9] . However, the risk of blinding was shown to be increased significantly for the subset of patients undergoing surgery for orbital floor fracture repair in the setting of multiple facial fractures (6.45%), bone decompression of the optic canal (15.6%), or an intracranial approach to the orbital roof. Severe visual dysfunction developed in 5 of 32 cases that underwent decompression surgery of the optic canal. Of these, 4 and 1 cases underwent surgery by transcranial and transnasal approaches, respectively. Although decompression surgery of the optic canal carries a low risk of permanent damage, urgent decompression surgery after careful consideration of the risks and benefits can prove essential to the optimal recovery of visual function.
In conclusion, although it is rare, we should be aware of infiltration to the orbital apex when examining patients with LCH who present with visual dysfunction. Early surgical intervention may facilitate both accurate diagnosis and optimal visual outcomes. 
